Abstract The expansion of commercial oil palm crop has modified much of the natural landscape, subsequently leading to biodiversity loss in Southeast Asia. Aside from largescale oil palm monoculture plantations, self-managed oil palm smallholdings are also becoming common in palm oil producing countries, but less is known about how management of the smallholdings affects faunal biodiversity. We argue that it is critically important to understand the role of habitat complexity at the local and landscape scales for maintaining faunal biodiversity in oil palm smallholdings. We used passive sampling methods to survey understory birds, fruit bats, and butterflies in oil palm smallholdings on the west coast of Peninsular Malaysia. We quantified the diversity in each taxon and measured in situ habitat quality and landscape metrics. We found that oil palm smallholdings located near rice fields supported fewer bird species. Proximity to roads can give rise to bird and fruit bat richness. Bird and fruit bat richness declined at sites with high crop density. Fruit bat richness declined, but butterfly richness increased, with the height of oil palm stands. Butterfly richness declined with distance from riparian habitats. Decreased 
Introduction
As fossil fuels become rarer, renewable fuel sources such as palm oil may be processed to produce biodiesel to meet global energy demand (Sumathi et al. 2008; Wicke et al. 2008; Hansen et al. 2014 ). In the future, this may lead to further expansion of commercial oil palm (Elaeis guineensis) monocultures in the tropics. Large scale plantations have already been established at the expense of native rainforest due to high demand for inexpensive vegetable oils (Donald 2004; Danielsen et al. 2009; Wilcove and Koh 2010; Savilaakso et al. 2014) .
The palm oil industry has dramatically transformed the original rainforest land cover into large scale plantation estates in Southeast Asia (Koh and Wilcove 2007; Sayer et al. 2012) . For example, oil palm-planted area in Indonesia and Malaysia increased by 4891,000 ha between 1990 (FAO 2007 . The forest area converted to oil palm plantations in both palm oil-producing countries was estimated to be 2538,000 ha (FAO 2007) . This landscape transformation has caused the unprecedented loss of forest biodiversity in palm oil-producing countries, especially Indonesia and Malaysia (McCarthy and Cramb 2009; Immerzeel et al. 2013) , and in turn a rapid loss of local species (Aratrakorn et al. 2006; Koh 2008; Edwards et al. 2010) . High demand for palm oil-based products from growing economies such as China and India has encouraged the establishment of large scale plantation estates in Southeast Asia, usually spearheaded by private businesses. Commercial oil palm monocultures have expanded beyond Southeast Asia into South America and Western Africa (Fitzherbert et al. 2008; Koh and Wilcove 2008; Azhar et al. 2011) . In 2012, China and India imported a total of 6141,987 tonnes or nearly 35 % of total Malaysia exports, whereas European Union countries imported a total of 2,220,627 tonnes or nearly 13 % of total Malaysia exports (Malaysia Palm Oil Board 2013) .
It is predicted that oil palm cultivation will rapidly replace other, less profitable crops (McCarthy 2010; Sayer et al. 2012) . It is imperative that the current agricultural system of palm oil be actively managed to avoid massive extinctions of species in tropical areas Perfecto et al. 2009 ). Biodiversity within oil palm landscapes may be enhanced by structural complexity within production areas (Turner and Foster 2009; Foster et al. 2011 ) not only on a larger scale but in smaller croplands such as smallholdings (Azhar et al. 2014a ). Habitat heterogeneity, or complexity, illustrates the finer scale structural diversity within different habitats (Benton et al. 2003) , providing various niches and resources to fauna (Tscharntke et al. 2005; Ehlers Smith et al. 2015) , whereas landscape heterogeneity is a measure of the diversity of habitat types at a larger scale (Benton et al. 2003) . Structurally complex habitats represented by bicultures or polycultures (Langellotto and Denno 2004) offer wildlife with shelter, breeding sites, food resources, and the ability to recover from ecological perturbation (Griffiths et al. 2008) .
Large-scale plantations owned by private businesses are not the only means of producing palm oil. Attracted to stable income opportunity and encouraged by government policy and aids, small-scale farmers have planted oil palm crops on their lands Rist et al. 2010) . In 2012, Malaysia produced more than 18 million tonnes of crude palm oil from both conventional plantation estates and smallholdings, with 4,385241 and 691,688 ha of cropland, respectively (Malaysia Palm Oil Board 2013) . At a landscape scale, these management systems introduce landscape heterogeneity as plantation estates are characterized by either even-age stands of oil palm monoculture or multiple-age stands and/or multiple-cropping systems in smallholdings Azhar et al. 2013 Azhar et al. , 2014b Azhar et al. , 2015 .
Understanding the ecological processes that affect the maintenance of biodiversity in oil palm landscapes is critical for appropriate management practices (Tscharntke et al. 2005) . Biodiversity patterns in conventional plantations, ranging from invertebrates to vertebrate fauna estates, have been studied (Fayle et al. 2010; Nájera and Simonetti 2010; Azhar et al. 2013; Gillespie et al. 2012 ). The majority of the studies have concluded that oil palm plantations are unable to match native forests in terms of biodiversity maintenance. Oil palm smallholdings, on the contrary, have not been investigated thoroughly by conservation scientists in terms of their impact on biodiversity. To our knowledge, there are a limited number of fauna studies existing in smallholdings (Azhar et al. 2011 (Azhar et al. , 2014a , even though such oil palm production systems are becoming quite common in the leading oil palm producing countries such as Indonesia and Malaysia (Murphy 2007) . It is projected that many more small-scale farmers will get involved in self-managed and selffunded oil palm economy in the major producer countries (Koczberski and Curry 2005; Cramb and Curry 2012) .
It is likely that bioenergy crop production will continue into the future, while stakeholders need to recognize how they can effectively manage biodiversity retention in farmlands Norris 2008; Plieninger et al. 2012; Liu et al. 2013) . Biodiversity assessments in oil palm smallholdings may provide useful insight into biodiversity-friendly practices that can be applied throughout oil palm agriculture (Foster et al. 2011 ). In the tropics, nearly 70 % of arable land is used for agriculture or as a mixture of managed landscapes (McNeely and Scherr 2003) . In agroecosystems, studies have shown that changes in habitat structure as a result of different agricultural practices (Pogue and Schnell 2001 ) may lead to changes in animal assemblages. This has been demonstrated in studies of small mammals (Sullivan et al. 1998; Michel et al. 2007; Moro and Gadal 2007; Mendenhall et al. 2014) , birds , and invertebrates (Wilson et al. 1999) . In addition, changes in habitat structure leading to increased habitat complexity have been demonstrated to be positively associated with animal assemblage diversity by providing nest sites and refuges from predators (Tscharntke et al. 2005; Lambert et al. 2008) .
The main aim of this study is to examine the responses of three taxonomic groups (understory birds, fruit bats and butterflies) to habitat complexity at both local and landscape scales in oil palm smallholdings by answering the following questions: (i) What are the typical species compositions that characterize the communities of understory birds, fruit bats, and butterflies in oil palm smallholdings? (ii) How can different vegetation characteristics at the local scale increase species richness and composition of understory birds, fruit bats, and butterflies in oil palm smallholdings? and (iii) Which landscape characteristics do understory birds, frugivorous bats, and butterflies respond in terms of species richness and composition?
Methods

Study area
We conducted this study in oil palm smallholdings at Tanjung Karang (between 3°26 0 27.81 00 N 101°9 0 36.61 00 E and 3°23 0 26.81 00 N101°15 0 23.89 00 E), a coastal district in the state of Selangor, Malaysian Peninsular (Fig. 1) . Our study area encompassed more than 10,000 ha. These smallholdings were formerly a peat swamp forest which was cleared between the 1950 and 1960s for coconut farming. In the late 1970s, massive conversion from coconut to oil palm occurred in the area due to a decline of the coconut oil market price. Other land uses and covers included rice fields and water bodies (e.g. rivers). We surveyed 30 smallholdings from June to September in 2012 and again in 2013 over the same period. Surveys were conducted in the dry season (Rainfall, mean ± SD = 2072 ± 260 mm; Temperature range = 24-32°C; Relative humidity, mean ± SD = 82.34 ± 1.11 %). All smallholdings were located in mature oil palm stands spaced at least 1 km apart (maximum distance = 11.87 km; average distance = 3.49 km). We surveyed each site twice and allocated four sampling days per survey.
Smallholdings and their management
We defined smallholdings as semi-traditional cultivation areas covering less than 50 ha that were owned by individuals and not plantation companies (RSPO 2014) . Smallholdings typically supported multiple-age stands of oil palm, in which oil palms are intercropped with other commercial plants (e.g. banana, cassava, coffee, coconut, pineapple, mangoes, (Amoah et al. 1995; Azhar et al. 2014b) . Hence, the smallholdings were not homogenous in terms of vegetation structure (e.g. small planting blocks with different crop types and height of oil palm canopy, thus giving multiple strata of canopy cover). Out of 30 smallholdings surveyed, only nine were planted exclusively with oil palms. Twenty-one smallholdings were planted primarily with oil palm (60-90 %) alongside other crops.
Unlike conventional large-scale plantation estates, old oil palm stands ([25 years) were rarely being removed in smallholdings. They naturally fall and are left rotting on the ground to decay. Patches comprising different height categories (or ages) of oil palm stands are common in smallholdings (Azhar et al. 2015) . Similar to oil palm plantation estates, harvesting takes place every two weeks in smallholdings. The smallholdings have not been certified by any palm oil production standards (e.g. the Roundtable on Sustainable Palm Oil).
Bird and bat sampling
At each smallholding, we set up 2-4 mist-nets (9 m 9 4 m; three-layered pockets) every 100 m on a harvesting path in the middle of planting blocks at each sampling point. All mist-nets were opened daily between 7.00 a.m. and 7.00 p.m. for bird sampling (four mistnets per smallholding; total mist-net for bird sampling = 4 mist-nets per smallholding 9 30 smallholdings = 120 mist-nets, for 4 days during each survey cycle) on non-rainy-days. For bat sampling, the operational hours of mist-nets was extended from 7.00 p.m. to 1.00 a.m. (two mist-nets per smallholding; total mist-net = 2 mist-nets per smallholding 9 30 smallholdings = 60 mist-nets, for 4 days during each survey cycle), but only two mist-nets were set up at each site on non-rainy nights. Nets were inspected hourly. Captured animals were identified, photographed, and then released. Bird species were differentiated based on body coloration and morphological characteristics (Robson 2011; Jeyarajasingam and Pearson 2012) . Fruit bat species were determined based on length of forearm and facial characteristics (Kingston et al. 2006; Francis 2008) . 
Butterfly sampling
At each smallholding, we set up three traps (height 9 width = 90 cm 9 30 cm) in a line overhanging 1 m above ground within the planting block. Traps were set up 100 m apart at each sampling point at 7.00 a.m. and 7.00 p.m. (total trap = 3 traps per smallholding 9 30 smallholdings = 90 traps, for 4 days during each survey cycle). We used mixed baits made of bananas, pineapples, and yeast. We inspected traps every hour. To determine site fidelity, captured butterflies were marked with ink on the right wing. We used a guide book to identify individual species (Corbett and Pendlebury 1992) .
Measurements of vegetation and landscape characteristics
To investigate the local level effects of habitat quality on faunal diversity, we estimated or counted the following vegetation characteristics at each smallholding (Table 1) . Quadrats were placed randomly and located on the harvesting paths within planting areas. Our approach for measuring vegetation characteristics is limited because data collection was not conducted within the immediate area in which animals were surveyed.
To examine the landscape level effects on the three animal taxonomic groups, we measured the following landscape features (Table 1) : (i) proximity to forests (size [ 1000 ha); (ii) proximity to riparian habitats; (iii) proximity to major roads; and (iv) number of farm houses within the radius of 200 m of bird sampling area. We used the ruler function of circle geometry tool in Google Earth Pro to calculate those landscape metrics based on the most recent satellite images available from the historical imagery option. To identify types of land cover, near-surface observations were conducted in the field prior to interpretation of remotely-sensed data (Lillesand et al. 2007) . Satellite images were verified visually based on pattern, shape, and colour.
Statistical analyses
To determine oil palm smallholdings were not homogenous habitat, we performed a onesample T test on floristic diversity (i.e. number of crop plant). The test mean used for the analysis was one, representing the typical monoculture of oil palm plantations. Animals which were recaptured at either the same or different smallholdings were excluded from any analyses. To assess the overall sampling effort, we compared the observed species richness with the Chao 1 bias correction estimator for the species richness in Estimates version 9.1 (Cowell et al. 2004) . To take into account imperfect detection of rare species, we also used ACE (Abundance Coverage-based Estimator) (Colwell and Coddington 1994) . Ten samples were used as the recommended upper limit for rare or infrequent species. We did not account for differences in sampling adequacy in structurally different habitats in the analyses (Ehlers Smith et al. 2015) because we sampled animals only in oil palm smallholdings. Expected species accumulation curves were generated using Microsoft Excel.
To determine the contribution of each species to assemblage, we performed SIMPER analysis in PRIMER version 6 (PRIMER-E Ltd, Plymouth). Prior to analysis, abundance data was transformed (square-root). We used the Bray-Curtis method to calculate the average similarity between all pairs of sampling sites. Cut off for species contribution was fixed at 90 %.
We fitted generalized linear models (GLMs) using a log-link function and quasi-Poisson distribution (Schall 1991) , using the number of captured species per site as the response variable for each of the three taxa. We developed predictive models to determine the relationships between species richness and local and landscape level effects. The dispersion parameter was fixed at one.
To deal with collinearity, we removed explanatory variables from the models if the correlations were strong (|r| [ 0.7 where r is the coefficient of correlation) (Dormann et al. 2013) . When correlations between explanatory variables were high, we ran alternative models, each of which contained one of the correlated variables, then compared them using delta AIC.
To identify the most parsimonious models, we used information theoretic (IT) approach (Burnham and Anderson 2002) . We selected models from a collection of candidates based on the minimum Akaike's Information Criterion (AIC) values and then calculated the AIC weights. Because n/K \ 40 for at least one of the models (sample size, n = 30), we used AIC to compare the models (Burnham and Anderson 2002) . In addition, we reported the coefficient of determination, R 2 , of each model to complement the IT approach. In addition to the IT approach, we used a frequentist approach by reporting the p values to understand the effects of predictor variables on species richness. Modelling work was conducted in GenStat version 15 (VSNI Hemel Hempstead, UK).
To search for the best match between species composition and environmental patterns, we performed BIO-ENV procedure in PRIMER version 6. Environmental data were transformed (log based 10) and normalized. We used Bray-Curtis similarity and Euclidean distance similarity to create resemblance matrices for the abundance data and environmental data, respectively. A Spearman rank correlation method was used for optimization, searching over the best subsets of the explanatory variables (Clarke and Gorley 2006) . A permutation test was run 99 times to examine the relationship between species composition and a specific subset of explanatory variables.
We computed global Moran's I using the Spatial Analysis in Macroecology (SAM version 4) to examine the spatial autocorrelation in model residuals (Rangel et al. 2010 ). Moran's I is a parametric test to determine if spatial autocorrelation is positive or negative and provide a P value for the level of autocorrelation. Moran's I tests against the null that there is no spatial autocorrelation. This was performed in Moran's I with a correlation weighted by inverse distances. The x-(longitudinal) and y-(latitudinal) coordinate variables were used in the spatial structure analyses. We implemented the Monte Carlo method with 200 permutations to test the statistical significance of the resulting Moran's I.
Results
Habitat heterogeneity associated with floristic diversity Our results revealed oil palm smallholdings (mean ± SD = 2.443 ± 0.195 crop species) differed significantly with monoculture oil palm plantations in terms of floristic diversity Biodivers Conserv (2015) 24:3125-3144 3131 (t = 6.98; P \ 0.001). The 95 % confidence interval for mean of crop diversity in oil palm smallholdings ranged from 1.954 to 2.989.
Understory bird responses to local and landscape level characteristics
After 120 trapping days, we captured a total of 754 birds representing 36 understory species of 21 families over 11,520 net hours. None of these species were of conservation priority. The sampling effort was benchmarked against the Chao 1 and ACE estimators, yielding 78 % and 73 % of the 'true' species richness for birds, respectively (Supplementary material: Table S1 ; Fig. S1 ). Bird species richness ranged from two to six species per site (mean ± SD = 4.17 ± 0.95, n = 30; coefficient of variation = 22.80 %), while capture numbers ranged from 10 to 40 birds per site (mean ± SD = 25.13 ± 8.54, n = 30; coefficient of variation = 34.00 %). The return rate of marked birds was less than 10 % or 72 individuals. Sixty-five recaptures occurred at the same sampling site and The top (2-7) most abundant species for each taxon are shown different sites. In terms of species composition, six species contributed more than 90 % of the bird assemblages in oil palm smallholdings (Table 2) . Average similarity between sampling sites was 50.18 %. The most parsimonious model for explaining variations in bird species richness was one in which distance to rice fields, number of farm houses, number of planted crops, and distance to roads were the explanatory variables (Table 3 ; Fig. 2 ). This model accounted for approximately 30 % of the Akaike weights in the model set and explained 37 % of variation in bird species richness across the sampling points. The complete model is described by the following equation:
Species richness = 0.0590 9 Distance to rice field ? 0.0140 9 Number of farm house ? 0.0042 9 Crop density -0.0346 9 Distance to road ? 2.5497.
We found that species richness was higher at sites located further away from rice fields (slope = 0.0587; Wald statistic = 70.26; P \ 0.001). Our results indicate that species richness increased significantly with the number of farm houses (slope = 0.0137; Wald statistic = 15.66; P \ 0.001) and the number of planted crops (slope = 0.0042; Wald statistic = 18.39; P \ 0.001). However, it decreased with distance from major roads (slope = -0.0387; Wald statistic = 14.34; P \ 0.001).
The best explanatory variables for species composition include distance to forest, distance to river, distance to rice field, and number of houses (Global test: rho = 0.335; P = 0.01). The spatial distribution of sample points was randomly distributed (108 pairings of cells; average distance between cells = 1.5 km; Moran's I = -0.086; P = 0.575). The maximum value of Moran's I (I Max ) was 0.688, and thus the relative value of Moran's I (I/I Max ) was -0.125.
Fruit bat responses to local and landscape level characteristics
Sampling at the smallholdings for 120 trap nights (2880 net hours) resulted in 551 bats from five frugivorous species being captured. For the sampling effort, this figure was Table S2 ; Fig. S2 ). Bat species richness ranged from one to five species per site (mean ± SD = 2.50 ± 1.22, n = 30; coefficient of variation = 48.99 %), while capture numbers ranged from two to 57 bats per site (mean ± SD = 18.37 ± 14.89, n = 30; coefficient of variation = 81.09 %). Less than 15 % of the marked fruit bats (77 individuals) were recaptured throughout the sampling period. At the same sampling site, we recaptured 34 individuals. Only two species contributed more than 90 % of the fruit bat assemblages in oil palm smallholdings (Table 2) . Between sampling sites, average similarity was 46.70 %. The most parsimonious model for explaining variations in bat species richness was one in which the number of houses, height of oil palm stands, distance to roads, and crop density were the explanatory variables (Table 3 ; Fig. 2 ). This model accounted for 54 % of the Akaike weights in the model set, explaining 61 % of variations in bat species richness across the sampling points. The complete model is described by the following equation:
Species richness = 0.0496 9 Number of farm houses -0.0885 9 Height of oil palm stands -0.0897 9 Distance to road -0.0032 9 Crop density ? 2.9787. We found that bat species richness increased significantly with the number of farm houses (slope = 0.0496; Wald statistic = 156.84; P \ 0.001). Our results showed that species richness was greater at sites with short oil palm stands than in tall stands (slope = -0.0885; Wald statistic = 54.76; P \ 0.001). Our results suggest that species richness was higher at sites closer to roads (slope = -0.0897; Wald statistic = 32.65; P \ 0.001). We detected species richness increased significantly with the scarcity of planted crops (slope = -0.0032; Wald statistic = 5.07; P = 0.024).
Our results did not indicate significant relationship between species composition and explanatory variables (Global test: rho = 0.188; P = 0.37). The model residuals did not indicate the presence of spatial autocorrelation (108 pairs of cells with an average distance between cells = 1.5 km; Moran's I = -0.041; P = 0.795). The maximum value of Moran's I (I Max ) was 0.601, and thus the relative value of Moran's I (I/I Max ) was -0.068.
Butterfly responses to local and landscape level characteristics
We sampled 2796 butterflies (8640 trap hours), comprising of 30 species from the sites. Sampling effort was compared to the Chao 1 and ACE estimators, estimated at 91 and 90 % 'true' species richness for butterflies, respectively (Supplementary material: Table S3 ; Figure S3 ). Butterfly species richness ranged from two to eight species per site (mean ± SD = 4.33 ± 1.47, n = 30; coefficient of variation = 33.92 %), while capture numbers ranged from three to 356 butterflies per site (mean ± SD = 93.20 ± 93.41, n = 30; coefficient of variation = 100.2 %). Recapture rates of marked butterflies were around 18 % or 503 individuals. We recaptured 324 individuals at the same sampling site and different sites. Our results have shown that seven species contributed more than 90 % of the butterfly assemblages in oil palm smallholdings (Table 2) . Average similarity between sampling sites was 44.51 %.
The most parsimonious model for explaining variations in butterfly species richness was one in which distance to rivers, ground vegetation cover, the number of planted crop species, height of oil palm stands, and the number of farm houses were explanatory variables (Table 3 ; Fig. 2 ). This model accounted for 71 % of the Akaike weights in the model set and explained 33 % of variations in butterfly species richness across the sampling points. The complete model is described by the following equation:
Species richness = 0.0056 9 Ground vegetation cover -0.0822 9 Distance to river ? 0.0608 9 Crop diversity ? 0.0268 9 Height of oil palm stand ? 0.0113 9 Number of farm house ? 0.0012 9 Height of ground vegetation cover ? 1.6638.
We found that butterfly species richness declined as the distance to riparian habitats increased (slope = -0.0822; Wald statistic = 342.32; P \ 0.001). Species richness has shown a positive relationship with ground vegetation cover (slope = 0.0056; Wald statistic = 101.43; P \ 0.001). Our results showed that species richness increased as the number of planted crop species increased (slope = 0.0608; Wald statistic = 86.28; P \ 0.001). Butterfly richness increased with the height of oil palm stands (slope = 0.0268; Wald statistic = 26.06; P \ 0.001). The species richness showed a positive relationship with number of farm houses (slope = 0.0113; Wald statistic = 24.70; P \ 0.001). Sites with tall ground vegetation cover supported greater butterfly richness than sites with short ones (slope = 0.0012; Wald statistic = 5.60; P = 0.018).
Species composition was significantly determined by a combination of height of ground vegetation, crop density, and distance to rice fields (Global test: rho = 0.457; P = 0.01). Our results showed that the spatial distribution of the model residuals is the result of random spatial processes (108 pairings of cells; average distance between cells = 1.5 km;
Moran's I = 0.002; P = 0.985). The maximum value of Moran's I (I Max ) was 0.749, and thus the relative value of Moran's I (I/I Max ) was 0.003.
Discussion Ecological patterns associated with understory birds
Previous studies found similar number of species in oil palm plantations despite the fact that different sampling methods were used i.e. line transect and point count (Aratrakorn et al. 2006; Peh et al. 2006; Koh 2008) . Thus, the smallholdings on an ecological scale have impacts similar to those within plantations. The understory birds recorded in this study did not include any species of high conservation status. Only nine forest species were recorded, whereas the majority (75 %) of the species were disturbed area specialists. The forest species was determined according to checklists available from previous studies (Nee and Guan 1993; Azhar et al. 2011 ). This result can be attributed to the fact that oil palm agro-ecosystems are more simplified in terms of habitat complexity than native forest ecosystems (Foster et al. 2011) . Bird community in oil palm smallholdings was dominated by six principal species. This community is less diverse than forest bird community (Nee and Guan 1993; Azhar et al. 2011) .
Bird richness declined at sites located closer to rice fields. Rice fields were consistently sprayed with hazardous pesticides, which may deter understory birds from foraging, which was not the case for oil palm smallholdings. Moreover, understory birds may also avoid rice fields as these areas have very little tree cover and hence are exposed to direct sunlight and other weather elements. It is possible that the mixture of oil palm stands and other crops in the smallholdings provide generalist birds with shelter from extreme weather and predators while serving as foraging grounds for them. Even in the case of terrestrial or granivorous birds, the periodical harvesting of rice causes structural and food source changes (Wilson et al. 1999 ) in the rice fields over the year may discourage birds from foraging in these areas. This finding indicates that in an area that was previously a peat swamp forest, rice fields are worse than palm oil smallholdings when looking at understory species or forest birds.
High numbers of farm houses contributed to the increase in bird species richness, mostly generalists or disturbed area specialists. The generalists are resilient to change and able to exploit commonly available resources (Tscharntke et al. 2005) . It is possible that there was an association between understory birds and planted scattered plants (edible and/or aesthetic) around farm houses. This practice may unintentionally contribute to structural complexity, food resources, and diverse habitat composition (Benton et al. 2003; Nájera and Simonetti 2010) . Such practices may also facilitate bird movement between habitat patches in oil palm smallholdings .
Another important finding was that habitat heterogeneity created by crop diversity increased bird richness. A possible explanation is that plant intercropping may introduce more food resources (Wilson et al. 1999 ) and different habitat structures for understory birds. However, it should be stressed that human disturbances can be severe at sites with high crop density compared to sites with low crop density (McLaughlin and Mineau 1995; Tscharntke et al. 2005; Boatman et al. 2004 ). For instance, in smallholdings fruit harvesting, application of fertilizers and pesticides spraying may be carried out, although the intensity of such activities is expected to be lower than those in large-scale oil palm plantations.
We found that bird richness decreased with distance from major roads in oil palm smallholdings. This finding may be associated with the planting of other crops such as bananas by the roadsides in smallholdings. This particular practice creates habitat complexity that attracts birds to roadsides (Paruk 1990; Meunier et al. 1999) . This study did not show the negative effects of roads on birds, although as indicated by previous studies, different species may vary in their response to roads (Palomino and Carrascal 2007; Summers et al. 2011 ). Furthermore, it should be noted that the traffic near the smallholdings might be reduced. Roads were used solely by farmers in our study sites.
The understory bird community in oil palm smallholdings was determined completely by landscape characteristics. These characteristics included distance to forest, distance to river, distance to rice field, and number of houses. In situ habitat quality did not influence species composition, as understory birds might exploit more resources in smallholdings than their plantation counterparts.
Ecological patterns associated with fruit bats
Our results indicate that 33 % of forest frugivorous or megachiroptera species (total = 15 species) were recorded in oil palm smallholdings (Hodgkison et al. 2004 ). Most species recorded were similar to those in a study conducted on larger oil palm plantations in the northern parts of Malaysian Peninsular (Juliani et al. 2011 ). However, due to the geographical location of the study areas, Macroglossus species were not recorded in the plantations, while Rousettus amplexicaudatus and Cynopterus sphinx were not recorded in the smallholdings. Similar to understory birds, the richness of fruit bats increased significantly with number of farm houses. Farm houses introduce habitat patches characterized by numerous plants that provide food resources and habitats for some species. Among the three taxa, the fruit bat community was the least diverse taxon. Only two main species of fruit bats dominated the community in oil palm smallholdings.
Similar to the results obtained for understory birds, richness of fruit bats in smallholdings was influenced by the proximity to major roads. Bananas and other commercial crops are commonly planted by farmers along roads in smallholdings and may serve as food sources for the bats. There was a difference in the impacts of road on different feeding guilds. Previous studies have suggested that insectivorous bats avoid roads (Berthinussen and Altringham 2012; Zurcher et al. 2010 ). In our case, fruit availability may have attracted frugivorous bats, similar to Hodgkison et al. (2004); and Pereira et al. (2010) . Moreover, the vulnerability of bat species to road hazards is influenced by animal diet (Cook et al. 2013 ). In addition, fruit bats also were reported to roost in coconut palms, banana, ferns, and ornamental plants growing in transitional habitats between cultivated land and secondary forest (Campbell et al. 2006; Fukuda et al. 2009 ). This is likely to be the case in our study, as mixed crops and habitat complexity are likely to increase bat diversity in smallholdings.
The preference of fruit bats for short oil palm stands rather than tall ones may be associated with the presence of natural predators, particularly birds of prey that usually perch from a vantage point on mature oil palm plants (Ruprecht 1979; Vargas et al. 2002; Roulina and Christea 2013) . We also found that crop density is an important determinant of fruit bat species richness. High crop density may pose a danger to flying bats and limit their ability to find food inside the smallholdings. Our findings contradict those of Estrada and Coates-Estrada (2002) , as captures of frugivorous bats were mostly in the dense crop groves in an agricultural mosaic habitat-island. The frugivorous bats in our study may prefer to forage under low crop density. This may be because frugivorous species of different morphological and ecological traits respond differentially to farming activities (Saldaña-Vázquez et al. 2010) . As bats are active at night, they may be less affected by human disturbances, particularly from palm oil farming activities, which are diurnal. However, overuse of pesticides may lead to the decline of fruit bats or deter them from visiting sprayed sites (Geluso et al. 1976) , although this awaits further investigation in palm oil smallholdings.
Ecological patterns associated with butterflies
For butterflies, even though the number of captured individuals was high, only 30 species were identified. Eighty-three percent of captured individuals were forest species (Corbett and Pendlebury 1992) . Similarly, using a visual census technique on transects, Koh (2008) had recorded 30 species, but just 264 individuals. Species composition was more simplified in oil palm smallholdings than forest butterfly community (Willott et al. 2000) . In Bornean rain forest, species richness and diversity were significantly higher on carrion-feeding butterflies than on fruit-feeding butterflies at genus and family level (Hamer et al. 2006 ). However, our data were limited to fruit-feeding butterflies because we did not use bait suitable for carrion feeders.
Our results suggest that butterfly species richness declined as the distance to riparian habitats increased and this result has not previously been described. In contrast, butterfly richness did not change with increasing proximity to the riparian corridor (Dallimer et al. 2012) . Our results show that species richness of butterflies increased with the height of oil palm stands. This result may be explained by the fact that tall, mature oil palms may contribute to the increase in flowering plants and hence plant food (e.g. nectar) under their canopy as more sunlight can penetrate through to the ground.
Similar to understory birds and fruit bats, the positive response by butterflies to the number of farm houses suggests that such man-made structures play a vital role in creating habitat complexity with the planting of non-commercial crops (e.g. fruit trees and ornamental plants). Irregular use of pesticides and the maintenance of farms in oil palm smallholdings may permit ground vegetation to grow tall very quickly. This provides both food sources and protection from predation of the butterflies (Wilson et al. 1999) . The contribution of dense ground vegetation cover and more farmhouses in oil palm smallholdings may be beneficial to the butterflies as seen with other studies (e.g. Pywell et al. 2004; Koh 2008) .
Only three predictor variables influenced species composition in oil palm smallholdings. These variables were height of ground vegetation, crop density, and distance to rice field. Unlike species richness, most landscape characteristics did not influence butterfly composition, as their territorial movement was likely to be a short distance limited to a few km.
Oil palm smallholdings are conservation agricultural matrix
Maintaining richness of understory birds, fruit bats, and butterflies can benefit oil palm farmers in terms of ecosystem services (Altieri 1999; Ş ekercioglu 2012) . These services include pollination of naturally grown plants by butterflies, seed dispersal of fruit trees (e.g. jackfruit, coffee and mangoes) by fruit bats, and predation of oil palm pests by birds. Our study provides evidence that habitat complexity is an important management strategy for improving biodiversity conservation as well as its ecosystem services in oil palm landscapes. Oil palm smallholdings may form supplementary habitats for native animals (Azhar et al. 2011 (Azhar et al. , 2014a . Multi-cropping and non-uniform stand ages are key management strategies for improving habitat complexity and perhaps landscape heterogeneity in oil palm smallholdings. Even though oil palm smallholdings are hospitable to some fauna species, forested areas including logged forests are still vital for conserving the majority of species (Aratrakorn et al. 2006; Azhar et al. 2011) .
Our findings also suggest that existing oil palm smallholdings may serve as conservation agricultural matrix that can maintain substantial farmland but only limited forest biodiversity (Bhagwat and Willis 2008; Azhar et al. 2011 Azhar et al. , 2015 . Unlike smallholdings, severe ecological homogenization in monocultural and uniform stand age plantations might occur when many specialists are replaced by the same widespread and broadly adapted generalists (McKinney and Lockwood 1999) . Of the three taxa studied, butterflies seemed the only taxa that did marginally better in comparison because a third of the species were forest specialists.
The small-scale production of palm oil can emulate the success of the biodiversityfriendly coffee (Vandermeer and Perfecto 2007; Perfecto and Vandermeer 2010) . Oil palm smallholdings are characterized by a significant habitat complexity absent in large-scale oil palm plantations, which are both more uniform in terms of planting (e.g. crop age and type) and more intensive in terms of management practices. Smallholdings are likely to support slightly greater farmland biodiversity than plantations, while also providing a livelihood for small-scale farmers by giving them additional income generated by selling other crops.
Our results for the three animal groups suggest that despite the negative impacts of oil palm on biodiversity, particularly forest species (Koh 2008; Edwards et al. 2010) and habitat complexity at local and landscape scales could improve biodiversity in smallholdings for certain taxa. Our findings imply that smallholdings may be important for facilitating movement of some species between forest patches through oil palm landscapes (Donald and Evans 2006) . These results have important conservation implications for oil palm management practices. As oil palm expansion is inevitable in the tropics, palm oil stakeholders should be encouraged to implement management practices to enhance farmland biodiversity (Fischer et al. 2008; Foster et al. 2011) . However, the application of such practices may be limited in oil palm agriculture if crop yields are negatively affected. Lower yields may cause increased pressure on remaining forests as a larger area needs to be converted to agriculture (Green et al. 2005) .
